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What is an SSD?

ÅSSD = Species Sensitivity Distribution

ÅñA SSD is a statistical distribution 

describing the variation among a set 

of species in toxicity of a certain 

compound or mixtureò (Posthuma et 

al. 2002)
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An SSD = a statistical model

HC05

HC05

ÅLog10(LC50) ~ N(ɛ,ů)

ÅLog10(LC50) ~ ɛ+ Ů;  ( Ů~ N(0,ů) )

ÅInference usually is made on the 5th

percentile (HC05)

Log Toxicity Log Toxicity

P
ro

b
a

b
ili

ty
 D

e
n

s
it
y

C
u
m

u
la

ti
v
e

 P
ro

b
a

b
ili

ty
 o

r

P
o
te

n
ti
a
lly

 A
ff
e

c
te

d
 F

ra
c
ti
o
n



Example ïDDT 14d avian LD50s 

HC05



SSD Toolbox - genesis



Log10(LC50) ~ ɛ+ Ů ;  Ů~ N(0,ů)

Assumptions:

ÅAll variation in sensitivity is random

ÅToxicity data are an unbiased sample that is representative

of the set of species for which regulatory protection is 

intended

ÅToxicity test results for species in SSD are accurate

measurements of toxicity

ÅField responses to exposure would be similar to laboratory 

test results



Questions we should ask about SSDs

ÁHow does sample size influence bias and variance of the 

estimated HC05?

ÁHow do different estimation methods influence properties of the 

estimated HC05?

ÁIs Akaikeôs Information Criterion a useful method for identifying the 

best distribution?

ÁAre goodness-of-fit tests reliable measures of performance?

ÁDoes model-averaging across distributions improve estimates of 

the HC05?



SSD Toolbox - exodus



Standalone Software

Design Criteria:

Å Intuitive decision process for 

model-fitting

ÅMethods vetted through peer-

review

ÅStandardized QA/QC

ÅExtensive help in Userôs Guide 

and Technical Manual

ÅEasy to use!
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SSD Toolbox Features

ÅAbility to fix six distributions accommodating differently ñshapedò 

data (normal, logistic, triangular, Gumbel, Weibull, & BurrIII)

ÅAICc methods for distinguishing among distributions

ÅPost-hoc Goodness of Fit (GoF) tests

ÅExtensive graphing and visualization tools

ÅDistribution-averaging of HC05 estimates

ÅAbility to use non-definitive toxicity values (e.g., LC50 > x)



Software Demo!



Using SSD Toolbox for the TSCA Risk 

Evaluation for TCE
Å TSCA Background:
ÁUnder TSCA, OPPT evaluates and 

regulates, as appropriate, the full life 
cycle of a chemical, i.e., manufacture 
(import), distribution in commerce, use 
and disposal.

Á In 2016, TSCA was amended by the 
Frank R. Lautenberg Chemical Safety 
for the 21st Century Act

ÁCurrently OPPT is drafting risk 
evaluations for the first 10 chemicals, 
including TCE, since the Lautenberg Act 
was signed.

Å Used SSD Toolbox for aquatic toxicity 
data: algae data and acute toxicity 
data 



Algae toxicity data for TCE

ÅAlgae toxicity data on TCE 
had a wide range of values.

ÅSSD was used as a line of 
evidence for assessing 
algae in this assessment. 

ÅThe resulting SSD 
calculated an HC05 of 52 
mg/L or 52,000 µg/L.

Fig 1. SSD using EC50 algae data for TCE (triangular) 



Acute aquatic toxicity data for TCE

Å SSD was also used as a line of 

evidence for interpreting acute 

toxicity data for other aquatic 

organisms.

Å The model-averaged HC05 from 

all four distributions was 9.9 

mg/L or 9,900 µg/L.

Å The SSDs showed aquatic 

invertebrates were the most 

sensitive species. 

Fig 2. SSDs using acute data for TCE (Gumbel, logistic, triangular, normal) 



The Future of SSD: Systematic Variation

Current usage SSDs are like 

null models for taxonomic 

variation in sensitivity

Log10(LC50) ~ ɛ+ Ů

ÁŮ~ N(0,ů)

Data from Fojut et al. 2012. Rev. Env. Contam. & Tox.



The Future of SSD: Systematic Variation

Current usage SSDs are like 

null models for taxonomic 

variation in sensitivity

Log10(LC50) ~ ɛ+ Ů

ÁŮ~ N(0,ů)

Áɛ= f(invertebrate versus vertebrate)

Data from Fojut et al. 2012. Rev. Env. Contam. & Tox.

Fishŷ 

Inverts Ź

(mostly) 



Log10(LC50) ~ ɛ+ Ů

ÁŮ~ N(0,ů)

Áɛ= ?
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